ABSTRACT Palm kernel meal (PKM), a by-product from the African Palm oil industry that is extensively cultivated in tropical countries, is an interesting feed ingredient for poultry due to its availability and low cost. The objective of this study was to evaluate the use of different levels of PKM in layer diets. This particular PKM contained 9.70% crude protein, 0.20% methionine, 0.36% lysine, and a TME n value of 2,254 kcal/kg. A control diet based on corn and soybean meal and five different levels of PKM added to it were fed to Single Comb White Leghorn hens from 18 to 38 wk of age. The PKM levels were 0, 10, 20, 30, 40, and 50%. The hens were housed three per cage (30.5 cm wide × 45.7 cm deep). The six treatments were assigned randomly to three contiguous cages in each
INTRODUCTION
Palm kernel meal (PKM), a by-product of the African Palm oil industry, is a possible optional feed ingredient for poultry. The African Palm oil industry is a stable source of vegetable oil worldwide (UNCTAD/ GATT, 1990) . The African Palm (Elaeis guinensis) is extensively cultivated in tropical countries and produces more oil per hectare than any other oil-producing plant species. Palm kernel meal is the residue obtained after extraction of oil from the African Palm fruit, and because it is produced in large amounts, it is a potentially inexpensive feed ingredient for poultry. However, more research is needed on its value as a feedstuff for poultry (Zumbado, 1987) .
The first use of PKM in poultry diets was reported by Temperton and Dudley (1939) , who found that PKM was a satisfactory dietary substitute for wheat middlings in layer diets. Nwokolo et al. (1976) studied the availability of amino acids in PKM, soybean meal (SBM), cottonseed meal (CSM), and rapeseed meal (RSM) for growing chicks. They found that the amino acid availability of PKM ranged from 63.3% in glycine to 93.2% in arginine with an average of 84.5% compared with an amino acid 1 To whom correspondence should be addressed: agernat@ zamorano.edu.hn.
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of eight rows in a randomized complete block design. Egg production was recorded daily, and feed consumption for an entire week was recorded every 21 d. Egg weight and specific gravity were recorded for 3 consecutive d every 21 d. Mortality was recorded daily. Results show that egg production was significantly decreased (P < 0.05) only with 50% PKM in the diet. Feed conversion was not affected by any level of PKM. Specific gravity was slightly but significantly (P < 0.05) decreased by all levels of added PKM. Feed consumption, mortality, and egg weight did not differ significantly among the treatments. We concluded that this particular PKM may be used up to 40% in the diet, taking into account that specific gravity may be slightly decreased. availability of 97.3% in SBM, 92.5% in CSM, and 91.9% in RSM. They suggested the PKM is a reasonable source of protein for poultry. McDonald et al. (1982) suggested that PKM should be limited to 20% in broiler diets. Osei and Amo (1987) fed broilers different levels of PKM in isonitrogenous diets and found no significant differences in body weight and feed consumption up to 8 wk of age. In contrast, feed conversion efficiency significantly declined as PKM levels reached 12.5% of the diet or higher. Yeong et al. (1981) fed growing chickens various levels of PKM in isonitrogenous, isocaloric diets. They found no significant differences in daily feed intake and daily weight gain. However, the feed conversion ratio significantly improved when diets containing lower levels of PKM were fed. The objective of the present study was to assess the effect of different levels of PKM in layer rations.
MATERIALS AND METHODS
Proximate and other analyses (Table 1 ) on samples of PKM followed procedures of the Association of Official Analytical Chemists (AOAC, 1990 ). An amino acid profile was also determined. True metabolizable energy was determined using the method established by Sibbald (1976) . Analysis of palm kernel meal (as-fed basis): dry matter, 91.40%; crude protein, 9.70%; ether extract, 12.10%; ash, 2.90%; and crude fiber, 24.90% (all analyzed by Animal Nutrition Laboratory, Escuela Agricola Panamericana, Tegucigalpa, Honduras); TME n , 2,254 kcal/kg (analyzed by the University of Georgia Poultry Research Farm, Athens, GA 30602-4356); amino acids (analyzed by Experiment Station Chemical Laboratories, University of Missouri-Columbia, Columbia, MO 65211); methionine, 0.20%; lysine, 0.36%; arginine, 1.18%; tryptophan, 0.07%; threonine, 0.31%; aspartic acid, 0.76%; serine, 0.34%; glutamic acid, 1.53%; proline, 0.33%; glycine, 0.43%; alanine, 0.41%; cysteine, 0.14%; valine, 0.49%; isoleucine, 0.34%; leucine, 0.62%; tyrosine, 0.21%; phenylalanine, 0.39%; and histidine, 0.18%.
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The vitamin and mineral premix provide the following quantities per kilogram of diet: vitamin A, 5,500 IU (all-trans-retinal); cholecalciferol, 1,100 IU; vitamin E, 11 IU (dl-α-tocopheryl); vitamin K 3 , 1.5 mg; riboflavin, 9.0 mg; niacin, 26 mg; D-calcium pantothenic acid, 12 mg; choline chloride, 220 mg; vitamin B 12 , 0.01 mg; folic acid, 1.5 mg; manganese, 55 mg; zinc, 50 mg; iron, 30 mg; copper, 5 mg; iodine, 1.5 mg; selenium, 0.1 mg; and antioxidant, 125 mg. Four hundred eighty Hyline W-77 2 Single Comb White Leghorn hens, 18 wk of age, were randomly selected and assigned three per cage; cage dimensions were 30.5 cm wide × 45.7 cm deep. The cages were divided into two sections. Each section consisted of four double-decker rows with 20 cages to a row in an open-sided, naturally ventilated house. The treatments consisted of a control group and five different levels of PKM in the diet (0, 10, 20, 30, 40, or 50%) . Each of the six treatments were assigned randomly to three contiguous cages in each of the eight rows in a randomized, complete block design. Hens were maintained on 16:8 h light:dark cycle. The 17% CP control diet contained mainly corn and soybean meal, and all diets were calculated to contain similar levels of protein, energy, minerals, and amino acids (Table 1) . Water was supplied ad libitum. Performance data were collected for the 20-wk experimental period. Egg production was recorded daily, and feed consumption was recorded for an entire week every 21 d. Egg weight and specific gravity were recorded for 3 consecutive d every 21 d. Mortality was recorded daily. 
Statistical Analysis
Data were analyzed using the general linear models (GLM) procedure of SAS (SAS Institute, 1991) . Differences among treatments were by the least significant difference at P < 0.05. Percentage data were subjected to arc sine square root of the percentage transformation.
RESULTS AND DISCUSSION
In general, by-products obtained from various methods of processing may vary widely in their nutritional composition. In this particular case, the nutritional composition of PKM varied compared with PKM used in previous studies. Crude protein levels of PKM in this study were 5 to 6% lower than levels previously reported. The level of crude fiber (CF) was 8 to 10% higher than the levels typically reported in literature. As for the remaining nutritional components, slight variations were observed, as would be expected when working with by-products of such origin.
Compared with the other treatments, 50% PKM significantly (P < 0.05) decreased egg production (Table 2) up to 10% when added to the layer diets. Feed consumption was not significantly affected by the addition of any Means in columns without common superscript are significantly different (P < 0.05).
level of PKM, although the numerical values did not favor PKM. Dietary CF increased markedly with the addition of PKM (Table 1) , but the diets were calculated to be isocaloric with the addition of vegetable oil. Nevertheless, the changes in physical characteristics of such high-fiber diets might account for the observed changes and need further study. For example, high-fiber diets are known to increase the rate of feed passage through the gastrointestinal tract (Connell, 1981) and thus may result in a lowering of the actual ME values of the diets. Actual determinations of ME values should be made during the course of such studies in the future. Also, high dietary fiber can provoke increased sloughing of intestinal epithelial cells, causing an increase in secretion of the mucosa into the intestine, which leads to losses of endogenous amino acids (Parsons et al., 1983) . However, Deaton et al. (1977) showed that diets with a CF content as high as 8.07% did not affect layer performance. However, our diet with 50% PKM contained 13.2% CF, which may have caused the significant reduction in egg production. In a study similar to ours, Yeong et al. (1981) reported that hens tolerated 10 and 20% PKM, but in their study higher levels up to 40% had a negative impact on egg number, percentage production, total egg mass, and feed/egg mass.
Feed conversion expressed as grams of egg per gram of feed, mortality, and egg weight were not significantly affected by inclusion of PKM in the diets. Whether differences in PKM would have an important effect on eggshell breakage is not known. However, Yeong et al. (1981) , in a study similar to ours, found no adverse effect on egg quality characteristics with levels of PKM up to 40%.
Although PKM is a high-fiber, low-energy feedstuff, our results show that it can be used up to 40% with little effect on performance of hens, including rate of egg production, and that it has a small effect on specific gravity. Our results, coupled with those of Yeong et al. (1981) , suggest that PKM can serve as a reasonable alternative feed ingredient in layer diets. Where African Palm trees are produced in large numbers for their oil content, the PKM residue can be used as a local substitute for imported feed ingredients. However, continued investigations of its local nutritional value are needed. In particular, the low-energy value of PKM needs to be balanced with a high-energy fat source to meet the energy needs of hens, and more information is needed about amino acid availability.
